Pathophysiology of urinary incontinence
the pelvic floor is a complex, three-dimensional mechanical system which consists of several components. the anatomical structures responsible for supporting the pelvic floor are the bony pelvis and endopelvic fascia, pelvic viscera, pelvic diaphragm, urogenital diaphragm, and levator ani muscles (14, 15).
Urine continence is defined as the ability to retain urine in the urinary bladder between episodes of voluntary micturition. continence depends on the coordinated activity of the central and peripheral nervous system, urinary bladder muscles (detrusors) and anatomical relations between the neck of the urinary bladder and the urethra. When detrusors cannot retain urine inside the urinary bladder due to weakened function, and a patient cannot affect micturition voluntarily since urinary leakage occurs without the patient's awareness of it, then we can conclude that it is a case of incontinence. Multiple factors can cause incontinence, such as hormonal therapy, menopause, weakened pelvic muscles due to childbirth, some drugs, infections, surgical procedures undertaken on the genitourinary tract, nerve damage, bMi above 30 (5, 10, 16), and sport activities which require frequent jumping (16).
treatments for ui
treatment for Ui includes surgery and conservative methods, and depends on the type of incontinence, seriousness of the problem and causes. conservative methods are recommended as a first line of treatment in the management of stress, urge (7) and mixed Ui (17). the available non-surgical, conservative treatment methods include lifestyle modification (a voiding diary, refraining from smoking, weight loss), Kegel exercises (exercises to strengthen the tone and contraction of pelvic floor muscles -pfM), behavioural interventions (changing behaviour to eliminate or minimize the problem, bladder training), biofeedback (use of urethral, vaginal or rectal sounding for creating visual or auditory signals when pelvic muscles are contracted), electrical stimulation and a combination of several different methods (11). Kegel exercises with biofeedback (4) or electrical stimulation (8, 18 ) and weighted vaginal cones (18) are usually recommended.
non-surgical treatment for Ui is effective, cheap, and easy to use in case of a milder stage of incontinence with minimal side effects. All these methods can be used in parallel with surgical methods.
introduction
Urinary incontinence (Ui) is a considerable psychological and physical morbidity a millions people worldwide suffer from today (1) . it is estimated that the prevalence is between 25% and 45% (2), and it increases with age. it occurs twice more often in women than in men: 13.1% versus 5.4% (3), until the age of 80, after which the prevalence is equal for both genders (4) . the international continence society (ics) defines urinary incontinence as the complaint of involuntary leakage of urine (5, 6) and suggests a classification according to the presence of symptoms and pathophysiological mechanisms of occurrence.
the most prevalent form of urinary incontinence among women, in 50% of cases, is stress incontinence (7, 8) . sUi is the most common type of incontinence in women (9-12), and occurs due to increased intra-abdominal pressure during sneezing, coughing, running, laughing or exertion of some greater physical effort (7, 9) . sUi affects all age groups, and occurs most commonly in women between 15 and 64 years of age (10). it is a considerable medical and social problem which reduces quality of life, especially in younger women (7), because of the stigma which still exists.
Women suffering from Ui rarely seek medical support, which is especially prominent in europe where 75% of women never sought any treatment (2) , which confirms that urinary incontinence is still a taboo topic. older women still think that Ui is a normal physiological state related to the consequences of aging (5), while others believe that surgery is the only available treatment option.
As a consequence, local candida infection, cellulitis, skin irritation, insomnia and fatigue due nocturia may occur (5) . furthermore, self-image dysfunction, avoidance of social activities, traveling, recreation, and interpersonal and sexual dysfunction often occur due to embarrassment. depression and anxiety often accompany urinary incontinence (5, 13). bf therapy is safe and effective. patient education may take time, but it makes the patient more responsible and less passive regarding the treatment process (10). therapy lasts from half an hour to one hour for a period of a few weeks, and is supervised by a multidisciplinary team composed of nurses, physiotherapists and doctors (21) . the aim of this systematic review is to examine the effectiveness of bf therapy for sUi in women.
Methods
in conducting this systematic review, we searched the Medline (via pubMed) database for relevant articles that investigated the effectiveness of biofeedback therapy for women with stress urinary incontinence (sUi). the keywords used to search the database were: "biofeedback", "women", "stress urinary incontinence". for better filtering of results, the terms were placed in quotation marks. the selection criteria included the following: 
Biofeedback
biofeedback (bf) is a technique by which a patient can affect a certain physiological function by using signals from their own body, and not just those under the control of the "voluntary" nervous system, but also those under the control of the "involuntary", that is, the autonomic nervous system. patient education on using bf requires more time, but the benefits are long-term because the patient becomes much more responsible when it comes to performing exercises when there is an objective medical finding (10). Also, bf is a non-invasive procedure in contrast with surgical treatment and it is the first option for the treatment of sUi in many cases (8) .
the use of bf is based on the view that an additional stimulus in the form of feedback helps the development of motor skills (19).
bf as a method of treating incontinence consists of monitoring devices which provide feedback on pfM activity. if an internal sensor is used, the sensor is introduced into the vagina, the rectum (or both) and the urethra (19). if an external sensor is used, adhesive electrodes are placed on the skin, onto the muscle.
the purpose of those sensors is to provide women with information on the strength of contraction and relaxation of the pfM by acoustic, visual or tactile signals, which enables women to become aware of and gain control over their own contractions. this means that weaker muscles can be better activated on demand, muscles that are too tense can relax, and overall muscle activity may be coordinated in a better way. electrodes can be placed on the abdomen, thigh or gluteus area with the purpose of checking for involuntary contraction of other muscles when feeling the urge to urinate. bf is a very useful method in promoting correct contraction control by means of visualization of muscle activity (8) . bf therapy can be used as an independent method or in combination with other methods of behavioural therapy, most often with Kegel exercises (4, 8) because many women are unaware of how to contract their pfM without external signals (8) , and therefore often contract abdominal or gluteal muscles. previous study has shown that about one third of women are unable to contract the pfM voluntarily and avoid raising abdominal pressure (20).
providing feedback on the exercise effectiveness through graphs on the monitor encourages further workouts.
results
A systematic review of literature yielded 5 articles which matched the selection criteria for a more detailed analysis. only one study included a double-blind test. the studies are from different parts of the world: egypt, poland, china, Malaysia and Japan. two articles are from 2013 and 2015, and one was published in 2016.
the analysis of the articles, description and aims of the research, methodology and results obtained are given in table 2.
clusion criteria. randomized clinical trials referring to performing Kegel exercises with or without bf were also included in the analysis. it was important that the articles were an original study, available in full version, which resulted in 8 articles in total. further analysis resulted in the exclusion of three articles: one investigated pharmacotherapy, another investigated the effect of bf in women with multiple sclerosis, and another investigated the influence of bf on incontinence in the postpartum period. figure 1 shows the characteristics of the selected articles. Full-text articles assessed for eligibility n=8
Full-text articles excluded with reasons n=3
Studies included in the analysis n=5 toms (increased strength of the pfM p<0.01). the leakage volume in the 1-h pad test did not decrease in either group. the number of incontinence episodes decreased in the Ke group (p<0.05). it also decreased in the Ke + bf group, but the difference was not statistically significant (p=0.054). 78.2% of the women in the Ke group and 69.6% of the women in the Ke + bf group reported an improvement in incontinence (7).
A similar pattern and variables were explored by ibrahim (2015) and ong (2015), but they proved a statistically significant difference between the two groups of respondents (22, 23) .
ibrahim et al. investigated the efficacy of bf-assisted Kegel exercises in females with pelvic floor dysfunction in clinical environment in contrast with women who performed Kegel exercises independently at home. females with neurological conditions, gynaecological or genitourinary surgery and postpartum incontinence were excluded. they proved a statistically significant difference between the investigated groups, and described that biofeedback-assisted Kegel exercises were an effective therapy compared to Kegel exercises alone. As a reason, they mentioned that bf affects the reduction of symptoms in a shorter period and allows exercising of the pfM the analysis of five different studies, conducted all over the world and published in the past 5 years, was carried out. the studies investigated the effects of bf therapy on urinary incontinence. All studies included women (n=326) suffering from urinary stress incontinence. three studies evaluated the efficacy of biofeedback therapy (bf therapy) versus self-performed Kegel exercises (7, 22, 23) , and two studies compared biofeedback therapy with electrical stimulation (10, 24).
in 2013, Hirakawa et al. compared the effects of pelvic floor muscle training with or without bf. A total of 39 participants with sUi were randomized into two groups: Kegel exercises with bf (Ke + bf) or without bf (Ke). by means of the King´s Health Questionnaire (KHQ) and international consultation on incontinence Questionnaire-short form (iciQ-sf), they measured quality of life as the primary outcome. A voiding diary, 1-h pad test and manometry were used to get an insight into secondary outcomes.
the difference between the primary and secondary outcomes was assessed before and after 12 weeks of exercise training. the study statistically showed that Kegel exercises, with or without bf, significantly affect the improvement of subjective symptoms (improved quality of life (p<0.05)) and objective symp- 
discussion
considering that conservative methods improve the initial state in a significant percentage and increase satisfaction with the quality of life, they have been recommended as the first option for treatment of urinary incontinence. one of the most widely studied methods is bf therapy, either as a sole treatment or in combination with other treatment methods.
bf is a useful method because it uses visual, auditory, or tactile signals to give feedback and promotes correct contraction and visualization of muscle activity, because many women are unaware of how to contract their muscles.
it has been proven that bf has a positive effect on motivation and that it encourages constant exercise of pelvic muscles (8, 25) . furthermore, women in assisted bf therapy achieve results which are almost double compared to self-conducted Kegel exercises (26) . it should be noted that it is very important to perform the exercises correctly because the likelihood that positive results will last for the next 10 years is increased by 66% if Kegel exercises in the initial stage are successfully and positively evaluated (27) .
past research which compared exercises designed for strengthening pfM with or without bf therapy showed different data related to success and effectiveness. While some studies reported significantly greater improvement and a decrease of symptoms of urinary incontinence after bf therapy, others did not note significant differences which would confirm this theory (7, 10, (22) (23) (24) .
for the past 30 years, many studies have been conducted to prove the efficacy of bf therapy in the treatment of urinary incontinence. yeung and associates (2016) compared how Kegel exercises + bf affect pelvic floor muscles as opposed to intra-vaginal electrical stimulation (24) . participants from the bf group achieved better results in assessing urinary symptoms, and reported greater satisfaction with life quality. this may be because bf is more comfortable than intra-vaginal stimulation, as reported by the participants. However, in the case of intra-vaginal electrical stimulation, the number of pads used per day decreased from 2.4 to 1.2, in contrast with the reduction from 2.3 to 2.1 in the bf group. the results showed that both methods were equally effective and that they do not differ in a statistically significant manner (24) . similar results were also obtained by terlikowski three years earlier in an investigation of the effects of trans-vaginal electrical stimulation with bf between the active and placebo groups. Using the double-blind test, terlikowski compared the effect of trans-vaginal electrical stimulation + bf between the active and placebo groups. from the active group, 39% of participants objectively showed a reduction in the number of incontinence episodes, while in the placebo group an objective improvement was not achieved. subjectively, 45.3% of female patients in the active group considered themselves cured, in the treatment was evaluated negatively. the study employed a retrospective analysis of the clinical data of 86 women. treatment was successful for 57% of women who required no further therapy by other methods (33) .
different, non-standardized bf devices, different outcome measures, different measurement methods and indicators of the strength of particular muscle groups, different methods of education and conducting Kegel exercises (individually, in a group, at home or in clinical environment), and different periods of follow-up are just some of the deficiencies and unevenness in results of the same method and different authors.
bf therapy is less time-consuming and more private, but it is more invasive and costly, which is the reason why women disliked this method. the second reason is the use of a vaginal device which is unpleasant for many women (34) (35) (36) . A non-vaginal device, such as transabdominal ultrasound, may be required in the future (37) because some authors reported pain while training because of the use of tampons or diaphragms, especially in middle-aged and elderly women who were not accustomed to using tampons and diaphragms (34, 36) .
in future similar research, the focus should be on bf standardization, in a more homogeneous group because it is difficult to determine the relative effectiveness of bf and Kegel exercises on different outcome measures. further studies with larger samples designed to consider frequency and duration of follow-up, as well as adherence, are necessary.
conclusion the findings of this systematic review have demonstrated that correctly taught bf combined with Kegel exercises and electrical stimulation are an effective treatment for the majority of patients with sUi. the evidence has demonstrated that the combination of bf and Kegel exercises is the best non-surgical treatment for sUi. out of a total of 5 analysed articles, 4 of them showed that bf, as an additional method, has a positive effect on the increase of pelvic floor berghmans conducted the first larger study in the mid-1990s. the author found that bf in combination with Kegel exercises does not significantly improve the symptoms of incontinence when compared to self-performed Kegel exercises (60%:53%) (12) by performing a systematic review of the literature published in the period of 1980-1996 and conducting a qualitative meta-analysis. this is contrary to the analysis by de Kruif, Wegan and Weatherall who determined that combined bf therapy is more efficient than individual Kegel exercises (28, 29) . de Kruif et al. searched Medline and excerpta Medica and then compared six studies which described pMe alone to pMe combined with bf. of these 6 studies, 2 reported statistically significant differences between groups on any outcome measure. the other studies described better outcomes for the bf groups, but authors considered that results were not statistically valid (28 muscle strength and thus on the reduction of involuntarily urination. only one study suggested that no additive effect of bf training was found and that there were no differences in the outcome between the pfM training with or without bf, and the authors thought that bf was not necessary as a standard add-on treatment.
bf is useful as an adjunct for strengthening pfM, as well as its volume and function. the use of sophisticated equipment such as various bf devices achieves significantly better results in a shorter period of time and is proven to affect the patient's motivation.
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